Introduction {#S1}
============

Snoring is a highly prevalent condition that affects 40- 60% of adults [@R01] and is caused by the oscillation of the soft palate and adjacent structures due to a critical sleep-related reduction in upper airway airflow induced by varying combinations of anatomical and neuromuscular factors [@R02]. It not only affects the quality of sleep (of both patients and their bed partners), but may also have daytime consequences such as sleepiness, neurocognitive impairment and mood disturbances that may have a significant negative impact on the quality of life. Snoring is also a precursor of obstructive sleep apnoea-hypopnoea syndrome (OSAHS) [@R02], which is known to predispose to cardio- and cerebro-vascular diseases, and also cause motor vehicle accidents [@R02]. Sleep-disordered breathing, including snoring with or without OSAHS, is therefore a serious burden on public health.

The conservative management of snoring includes weight loss, and the avoidance of alcohol and sedatives; furthermore, any associated nasal obstruction should be relieved medically or surgically [@R03]. However, the effectiveness of nasal surgery in treating snoring is controversial as it has been reported that only 12-34% of patients benefit from nasal surgery alone [@R04]^-^[@R06]. The surgical procedures used to treat mild OSAHS and snoring include resection techniques such as uvulopalatopharyngoplasty [@R07] and laserassisted or radiofrequency-assisted uvulopalatoplasty [@R08]^-^[@R10], which all give rise to severe postoperative discomfort and morbidity [@R11]. On the other hand, the results of non-resective techniques such as radiofrequency volume reduction of the soft palate [@R12], injection scleroplasty [@R13] or expensive palatal implants (Pillar®) [@R14], are only transient and require revision [@R11].

In 2008 [@R11], Hur proposed a sling snoreplasty technique in an OSAHS patient to \"shorten, conglomerate and tense\" the redundant soft tissues of the soft palate by means of the trans-mucosal introduction of permanent threads through the fibro-muscular plane of the soft palate, but without presenting any results in his extended paper. By tightening these threads, Hur [@R11] was able to obtain the desired modifications in the fibro-muscular tissues encircled by the sutures.

On the basis of that report, which clearly demonstrated the perfect tolerability of such sutures, we propose a combination of nasal surgery and a new palatal lifting technique using the permanent threads proposed by Hur and widely used in plastic surgery.

However, unlike Hur\'s procedure, our velo-uvulo-pharyngeal lift (VUPL) or \"Roman blinds\" technique (as it reproduces the mechanism of Roman blinds) not only lifts and stiffens the velo-uvular complex, but also widens the mesopharyngeal space to eliminate noisy vibrations or occlusions. This is done by using permanent threads that are anchored to three bony structures (two pterygoid hamuli, and the posterior nasal spine) and looped inside the fibro-muscular palatopharyngeal tissues.

Materials and methods {#S2}
=====================

Study population {#S2a}
----------------

This preliminary prospective study involved four adult patients affected by snoring and with polysomnographic findings indicating mild OSAHS as defined by the American Academy of Sleep Medicine [@R15].

Inclusion criteria were nasal obstruction due to septal deformity requiring surgical correction; a positive history of snoring for at least five years; \"excess\" soft tissue structures within the oropharynx upon oropharyngeal inspection during maximal mouth opening with the tongue relaxed in the mouth, and/or narrowing or collapse in the retropalatal region without narrowing in the hypopharynx both at rest and during Muller\'s maneuver under fibre optic endoscopy; evidence of vibration localized only at the level of the mesopharyngeal structures during sleep endoscopic assessment [@R16].

Exclusion criteria were obstructive tonsillar hypertrophy (tonsil size \> 2 according to Brodsky) [@R17]; severe maxillary or mandibular deformities; severe or unstable cardiopulmonary, neurological or endocrine diseases; morbid obesity (BMI \> 25 kg/m[@R02]); age \> 65 years; active alcohol or illicit drug abuse; active smoking; psychotropic drugs; unstable and severe psychiatric disease; previous oropharyngeal surgery; and patient refusal. The patients gave their written informed consent to the surgical procedure.

Study setting {#S2b}
-------------

The study was carried out at the Department of Specialist Surgical Sciences, \"Fondazione IRCCS Ca\' Granda Ospedale Maggiore Policlinico\", University of Milan, Italy, between November 2008 and June 2010.

Pre-operative assessment {#S2c}
------------------------

A careful general and ear nose and throat (EN T) history of each patient was taken with particular attention given to sleep history. Body mass index (BMI ) was computed, and all patients underwent overnight polysomnography with the determination of the apnoea hypopnoea index (AHI) and mean oxygen saturation to establish a diagnosis of OSAHS. Snoring was assessed with a 0-9 patient snoring scale score (SSS: 0 = no snoring; 9 = maximum loudness, frequency and periodicity of snoring) [@R18] and a 0-10 linear analogue scale (LAS snoring: 0 = no snoring; 10 = maximum loudness of snoring) [@R18] administered to their bed partners. Daytime sleepiness was also evaluated using the Epworth Sleepiness Scale (ESS) [@R19].

All patients also underwent a complete ENT evaluation, including an oropharyngeal inspection with the grading of tonsillar size according to Brodsky [@R17], anterior rhinoscopy, and fibre optic endoscopy of the nasal, pharyngeal and laryngeal district, both at rest and during Muller\'s manoeuvre.

Sleep endoscopy {#S2d}
---------------

Before the induction of anaesthesia, sleep endoscopy was performed to confirm the site of vibration and/or collapse during induced sleep. The nose-oropharyngeal-hypopharyngeal- laryngeal region classification (NOHL classification) according to Vicini et al. [@R20] [@R21] was used to describe the site of vibration and/or collapse. During sleep endoscopy, the grade and the pattern of collapse and/or obstruction was assessed for each region (nose, oropharynx, hypopharynx and larynx) and expressed by means of a number (indicating the severity of collapse or obstruction) and a letter (indication the pattern of collapse for oropharynx, hypopharynx and larynx) [@R20] [@R21].

Surgical technique {#S2e}
------------------

The procedure was performed under general anaesthesia, with the surgical field exposed using Dingmann mouth gags. The nasal surgery was done first (septoplasty according to back-and-forth technique) [@R22].

The surgeon sat at the top of the table, with the patient\'s neck hyper-extended to expose the posterior palate fully. VUPL was performed as follows ([Fig. 1](#F1){ref-type="fig"}). Three short stab incisions were made through the fibromucosa of the bony palate until bone contact, one just before and ventrally to the posterior nasal spine, and two before each pterygoid hamulus. Using a long needle-holder, a cutting needle mounted on a 2-0 non-resorbable polyester thread (Mersilene, Ethicon Inc., Somerville, New Jersey, USA) was first stuck sideways into the posterior nasal spine through the periostium and the fibromuscolar layer of the soft palate, and then guided by means of multiple in-and-out transmucosal passages (each one performed through the same mucosal hole) along a semicircular way to exit at one side of the base of the uvula emerging into the oral cavity.

![Representation of VUPL: a cutting needle was first stuck sideways into the posterior nasal spine through the periostium and the fibromuscolar layer of the soft palate, and then guided using multiple in-and-out transmucosal passages (dashed lines) to exit at one side of the base of the uvula. The needle was then re-inserted at the opposite side of the base of the uvula and driven through the fibro-muscular layer of the contralateral soft palate in a specular manner to the opposite side of the posterior nasal spine. A similar manoeuvre was performed bilaterally at the level of each pterygoid hamulus and at the level of the postero-superior face of the posterior tonsillar pillar.](0392-100X-32-48-g001){#F1}

The needle was then grasped with the needle-holder and re-inserted horizontally through the uvular muscle to reemerge through the buccal mucosa at the opposite side of the base of the uvula. Here, it was re-inserted through the same mucosal hole and driven through the fibro-muscular layer of the contralateral soft palate in a specular manner to the opposite side of the posterior nasal spine, where it exited through the periostium and the stab mucosal incision. The ends of the thread could then be tightly knotted and buried deeply in the stab incision which was closed with a 5-0 fast resorbable polyglactin suture (Vycril Rapide, Ethicon Inc., Somerville, New Jersey, USA).

A similar manoeuvre was performed bilaterally at the level of each pterygoid hamulus: the needle was driven through the fibrous tissue at the medial side of the pterygoid hamulus, through the soft palate musculature along a semicircular way using multiple in-and-out transmucosal passages (each one performed through the same mucosal hole) to exit through the mucosa at the level of the postero- superior face of the posterior tonsillar pillar.

Next, it was grasped with the needle holder and re-inserted through the same mucosal hole to embrace the palatopharyngeal muscle and then cross the soft palate fibromuscolar layer along a laterally convex path to reach the fibrous tissue at the lateral side of the pterygoid hamulus. The threads were then tightly knotted embracing the fibro- osseous structures of the pterygoid hamulus, and buried deep in the stab incision which was closed usinga 5-0 fast resorbable polyglactin suture (Vycril Rapide, Ethicon Inc., Somerville, New Jersey, USA).

Follow-up {#S2f}
---------

An early ENT examination was made seven days after surgery, with post-operative morbidity being evaluated using a 0-10 visual analogue scale (VAS pain: 0 = no pain, and 10 = maximum pain) [@R23]. Long-term post-operative followup included ENT examination, LAS [@R18], SSS [@R18] and ESS assessment [@R19]. Patient satisfaction was also evaluated on the basis of a 0-10 visual analogue scale (VAS satisfaction: 0 = no patient satisfaction, and 10 = maximum patient satisfaction).

Results {#S3}
=======

Our case series consisted of four male patients with a median age of 44.5 years (range 42-65); the pre-operative demographic, clinical and polysomnographic findings are shown in [Table I](#T1){ref-type="table"}. All patients underwent VUPL combined with septoplasty without any significant intra- or postoperative complications.

###### 

Demographic, clinical and polysomnographic findings.

  Patient   Gender   Age (years)   BMI (kg/m^2^)   Tonsillar size [@R17]   AHI (n/H)   Mean O~2~ saturation   NOHL classification [@R20][@R21]   Pre-operative ESS [@R19]   Post-operative ESS [@R19]   Pre-operative LAS [@R18]   Post-operative LAS [@R18]   Pre-operative SSS [@R18]   Post-operative SSS [@R18]   VAS pain [@R23]   VAS satisfaction   Follow-up (months)
  --------- -------- ------------- --------------- ----------------------- ----------- ---------------------- ---------------------------------- -------------------------- --------------------------- -------------------------- --------------------------- -------------------------- --------------------------- ----------------- ------------------ --------------------
  1         M        42            25.8            2                       15          95.6                   N3O2cH0L0                          10                         8                           8                          0                           8                          0                           3                 10                 25
  2         M        46            28.0            1                       16          94.0                   N2O1cH0L0                          10                         3                           8                          2                           8                          2                           2                 8.5                17
  3         M        43            29.4            2                       17          93.2                   N2O2cH0L0                          13                         3                           7                          2                           6                          2                           4                 10                 14
  4         M        65            29.0            1                       14          94.5                   N2O1cH0L0                          15                         9                           8                          2                           8                          2                           4                 9                  6
  Median             44.5          28.5            2                       15.5        94.2                                                      11.5                       5.5                         8                          2                           8                          2                           3.5               9.5                15.5

M: male; BMI: body mass index; AHI: apnoea/hypopnoea Index; n: number; H: hour; NOHL: nose, oropharyngeal, hypopharyngeal, laryngeal region (site of vibration, site of collapse and obstruction during Sleep Endoscopy, according to Vicini et al. [@R20][@R21]. In particular, pattern of collapse was evaluated according to the shape of the dynamic collapse in oropharyngeal, hypopharyngeal and laryngeal region as antero-posterior collapse (ap), transversal collapse (t), and circular collapse (c); the severity of collapse was graded as follows: grade 1 = 0-25% reduction in airways; grade 2 = 25-50% reduction in airways; grade 3 = 50-75% reduction in airways; grade 4 = 75-100% reduction in airways. Nasal obstruction was graded as follows: grade 1 = 0-25% reduction in nasal respiratory space; grade 2 = 25-50% reduction in nasal respiratory space; grade 3 = 50-75% reduction in nasal respiratory space; grade 4 = 75-100% reduction in nasal respiratory space [@R20][@R21]; ESS: Epworth sleepiness scale [@R19]; LAS: linear analogue scale [@R18]; SSS: snoring scale score [@R18]; VAS: visual analogue scale.

All patients reported an immediate subjective clinical improvement immediately after VULP. The most common complaints were mild oropharyngeal pain and a self-limiting sensation of velar fullness with mild swallowing pain, which spontaneously disappeared within two days. One of the patients reported a self-limiting and short-lasting sensation of a foreign oropharyngeal body.

After a median follow-up of 15.5 months (range 6-25), the improvement in snoring was confirmed by a reduction in LAS and SSS, and a reduction in daytime sleepiness as assessed by the ESS. Furthermore, all patients recorded high VAS satisfaction values. ENT examination showed a stable retraction of the soft velo-uvulo-pharyngeal tissues with enlargement of the mesopharyngeal space, and complete visualization of the posterior pharyngeal wall ([Fig. 2A-B](#F2){ref-type="fig"}). Partial knot extrusion was discovered in one patient, but without any subjective symptoms or clinical implications. No nasopharyngeal regurgitation or voice change occurred. [Table I](#T1){ref-type="table"} details the post-operative findings.

###### 

In, A. pre-operative view of a \"excess\" soft tissue structures is shown within the oropharynx upon oropharyngeal inspection during maximal mouth opening with the tongue relaxed in the mouth. Note the velar collapse at the level of posterior oro-pharyngeal wall; in B. a post-operative view is seen (followup: 14 months) showing retraction of the soft velo-uvulo-pharyngeal tissues with enlargement of the mesopharyngeal space, and complete visualization of the posterior pharyngeal wall.
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Discussion {#S4}
==========

The VUPL or \"Roman blinds\" technique (as it reproduces a Roman blind mechanism) shares the use of permanent threads for tissue suspension and/or mobilization with plastic surgery techniques such as rhytidectomy, rhinoplasty and blepharoplasty for ptosis [@R24]^-^[@R26], and ENT procedures such as the \"endo-extralaryngeal suture technique\" devised by Lichtemberger and Toohill [@R27].

The aim of VUPL is to lift the velo-uvular complex, enlarge and advance the oropharyngeal inlet, and widen the mesopharyngeal space by acting on the palato-pharyngeal fibromuscular tissues through the insertion of permanent threads anchored to strong and fixed structures (the fibroosseous tissue at the level of the posterior nasal spine and the pterygoid hamuli). In addition, the procedure also allows the useful stiffening and shortening of the soft palate to obtain a more rigid and less vibration-prone structure: by advancing and lateralizing each palato-pharyngeal muscle within the posterior tonsillar pillar, it is possible to widen the oropharyngeal inlet while advancing the posterior border of the soft palate.

The use of fibro-osseous structures as anchoring points is a completely new conception of the sling snoreplasty proposed by Hur [@R11] as a reversible and minimally-invasive technique based on the use of permanent threads coarctating the fibromuscular layer in order to \"shorten, conglomerate and tense\" the redundant palatal tissue. In our opinion, anchoring the threads to the strong and deep fibro-osseous structures (the posterior nasal spine and pterygoid hamuli) provides a more conspicuous benefit by lifting the palate and widening the mesopharyngeal space. The structural and dynamic modifications produced by the VUPL (increasing upper oropharyngeal and retropalatal airway size) can be compared with those offered by more invasive transpalatal advancement pharyngoplasty [@R28], a technique that proved to be very efficacious despite the high rate of complications. However, the theoretical effectiveness of the VUPL in the long-lasting rehabilitation of the oropharyngeal space needs to be confirmed over a longer follow-up period.

In comparison with traditional techniques of surgical resection such as uvulopalatopharyngoplasty and laser/ radiofrequency-assisted uvulopalatoplasty [@R07]^-^[@R10], VUPL is conservative and minimally invasive, has a selective action on the palato-pharyngeal mucosa, fibrous tissues and muscles, and can be combined with other surgical procedures such as septoplasty, turbinoplasty and tonsillectomy in the case of further anatomical anomalies impairing physiological airflow. Moreover, on the basis of our findings, it is simple, cost-effective and well-tolerated by patients. The main complaint was moderate oropharyngeal pain, which rapidly and spontaneously disappeared; there were no other significant postoperative morbidities or complications.

It also seems capable of providing immediate snoring relief, and it could theoretically be performed in selected patients under local anaesthesia in one-day surgery settings after adequate training and with the employment of new devices to decrease the surgical time.

VUPL also differs from non-resective surgical techniques such as radiofrequency volume reduction of the soft palate, palatal implants (Pillar®) and injection scleroplasty [@R12]^-^[@R14] insofar as it is completely reversible: in the case of patient discomfort, the previous anatomical condition can be fully restored just by cutting the thread in an outpatient setting. Moreover, as it does not definitely impair the baseline anatomical pattern, it could also be repeated even after a short time if necessary.

Conclusions {#S5}
===========

On the basis of these encouraging preliminary results, we believe that the VULP (combined with other surgical procedures if indicated) can be considered a valid surgical option to relieve snoring, although our findings need to be confirmed by studies of larger case series with longer follow-up periods.
